Europaisches Patontamt 
European Patent Office 
Office europden des brevets 



@ Publication number: 0 677 666 A1 


EUROPEAN PATENT APPLICATION 


@ Application number: 95302318.1 
@ Date of filing: 07.04.95 


(g)int Cl«: F16B 19/10 


(g) Priority : 14.04.94 GB 9407415 

@ Date of publication of application : 
18.10.95 Bulletin 95/42 

@ Designated Contracting States : 
AT DE ES FR GB iT SE 

(fj) Applicant : AVDEL SYSTEiMS UMITED 
iUlundeils 

Welwyn Garden City Hertfordshire AL7 1EZ 
(GB) 


@ Inventor : Browne, Laurence Antliony 
57 Lucas Gardens, 
Barton Hills 

Luton, Bedfordshire (GB) 

@ Representative : Treacher, Alan Leslie 
P.O. Box 154 

Welwyn Ganlen City Hertfordshire AL7 1LW 
(GB) 


(g) Blind rivet. 

(g) A self-plugging blind rivet (10) comprises a 
tubular rivet shell (11) and a stem (15) disposed 
in the bore (14) of the shell (11). The shell (11) 
comprises a generally cylindrical shank (12) 
with a prefomied head (13) at one end. The stem 
(15) projects from the head end of the shell (11), 
and has a head (19) which abuts the tall end 
face (21). The shank (12) has two axlatly spaced 
zones (25, 29) of reduced diameters formed by 
rolling or crimping, and an intermediate zone 
(26, 27, 28) between them. The projecting stem 
is pulled to compress and deform the shank (12) 
to fonm a blind head. In order to avoid cracking 
of the blind head and to improve the grip range 
of the rivet, the intenmediate zone has two 
transition zones (26, 28) fonming an angle of T 
to 20° with the axis of the shank (12) in which 
the diameter of the shank increases progres- 
sively from that of the zones (25, 29) to a 
maximum in the intemnediate zone (26, 27, 28). 
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This invention relates to a blind rivet and more 
particularly, although not exclusively, to a self- 
plugging blind rivet of the breakstem kind. 

Self-plugging blind rivets are well-known, and 
generally comprise an elongate, generally cylindrical, 5 
stem having a radially enlarged head at one of its 
ends, and a tubular shell having a shank, and a radi- 
ally enlarged shell head atone of the shankfor engag- 
ing one face of a workplace, the stem extending 
through an axial bore in the shell and projecting from io 
the head end of the shell, and the head of the stem 
abutting an end face of the shank at or adjacent the 
other end (the "tail end") of the shank which is remote 
from the shell head. On pulling the projecting stem 
and supporting the head of the shell in order to set the is 
rivet, a portion of the shank between the shell head 
and the head of the stem may be caused to collapse 
axially to form an annular bulge, or fold, which pro- 
jects radially outwardly of the shank, and constitutes 
a "blind head". The blind head may be forced into en- 20 
gagement with the opposite, or "blind" face of the 
workpiece, and thus the members of the workpiece 
may be fastened tightly together between the shell 
head and the blind head formed by pulling the stem. 

Usually, although not necessarily, the stem Is 25 
provided with a breakneck at which it will break, when 
setting of the rivet is complete, leaving a part of the 
stem, including the stem head, plugging the bore of 
the shell, whi le another part of the stem, known as the 
stem-tail, is removed from the set rivet and discarded. 30 

in order that a blind rivet may be satisfactory, it 
must usually meet a number of requirements, and it 
is not always easy or even possible to design a rivet 
which will meet all the requirements Imposed since 
the introduction of a feature to achieve one objective 35 
may preclude the achievement of another objective. 

It Is usually required that a blind rivet should pro- 
vide a strong and secure fastening, that identical riv- 
ets of a given size should be capable of securely fas- 
tening workpieces having a fairly wide range of total 40 
thickness, which Is to say, it should have a wide "grip 
range". 

It is usually desirable that the blind head should 
be able to engage a substantial area of the surface of 
the workpiece. 45 

Furthermore, in the case of a self-plugging blind 
rivet, It is very desirable that the plug part of the stem 
be retained securely in the shell of the set rivet in or- 
der that Is should not become separated to form un- 
wanted debris. 50 

The designing of a rivet Involves consideration of 
both the details of the shape and the physical char- 
acteristics of the materials used. Many designs env 
ploy a variation in the external diameter of the shank 
of the rivet shell along Its length, In order to influence 55 
the behaviour of the material during the setting of the 
rivet, and in some this Is achieved by crimping the 
shell onto the stem by, for example, the use of radially 


inwardly moving dies, In order to produce a local re- 
duction in the external diameter. 

Instead of crimping the shell shank in order to pro- 
duce a reduction in the external diameter, the shank 
may be rolled since, as is well understood, the effects 
of rolling, and crimping, are, for the purposes of the 
invention, substantially the same as each other. The 
terms "crimping" and "crimped" as used herein are 
therefore to be understood to apply equally to rolling, 
and rolled respectively, unless the context requires 
otherwise. 

In addition to reducing the external diameter, the 
crimping (or rolling) operation may be used to pro- 
duce work-hardening of the material in the crimped 
region, and also to force the shell into Intimate en- 
gagement with the stem so that the rivet can be han- 
dled and remain ready for use without risk of its parts 
being inadvertently separated. 

Depending on the particular effect which It is de- 
sired to achieve, crimping is applied variously to dif- 
ferent parts of the shankof the shell. Thus, there may 
be a single crimped zone, or two or rTK>re crimped 
zones spaced apart from each other. 

Provided the wall thickness of the shank Is not un- 
duly reduced in the crimped zone or zones, the effect 
of both hardening and reducing the external diameter 
is to increase the resistance to collapse of the crimf>- 
ed zone or zones under axial load when the rivet is 
set, so that collapse of the shank to form a bulge or 
fold tends to occur in the uncrimped parts of the 
shank. 

GB 1 029 654 discloses a blind rivet In which the 
shell shank is crimped at a position intermediate be- 
tween and spaced from both the prefonmed head and 
the tail end of the shell. DE 2 625 023 discloses two 
embodiments of a rivet, the first of which has two 
crimped zones spaced apart from each other, one of 
the zones being adjacent to the tail end of the shank, 
and the other zone being spaced fnDm both the shell 
head and the first mentioned zone, and the other env 
bodiment has a single aimped zone at the tail end of 
the shank. 

In each of the known rivets referred to above, the 
transition between the crimped and the uncrimped 
zones of the shell shank is quite abrupt, taking place 
in a region in which the external surface of the shank 
slopes at an angle of about 45'' to the axis of the shell. 

Such known rivets have been found to have dis- 
advantages, particularly when the shell is formed of 
material such as low carbon steel which, although 
strong, is of relatively poor ductility compared with, 
for example, aluminium. 

Thus, in use of the rivet disclosed In Figures 7, 10 
and 12 of GB 1 029 654 the stem head enters partway 
Into the uncrimped tail end part of the shell forming a 
blind head and, if the workpiece is too thin to be grip- 
ped between the blind head and the preformed head, 
the remainder of the uncrimped tall end part then col- 
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lapses in concertina fashion to engage the rear face 
of the worl<piece. 

In the rivets disclosed in DE 2 625 023, due to the 
crimping of the tail end portion of the shell shank, the 
tail end portion is hardened and therefore more resis- 
tant to deformation by the stem head. Consequently, 
the stem head does not enter the tail end portion of 
the shank, and the tail end portion does not deform 
into a bulge. Instead, the uncrimped portion spaced 
from the tail end by the crimped tail end portion de- 
forms either into a single bulb to engage a thick work- 
piece, or, if the workpiece is thin, into a first bulb, 
which fails to engage the workpiece. and then into a 
second, less well defined, bulb which does engage 
the workpiece. 

Particular disadvantages which have been found 
in the known rivets are that, due to the abrupt transi- 
tion between the crimped and the uncrimped zones, 
there is a tendency for the material of the shell to de- 
velop cracks at the fold which develops at the transi- 
tion region during setting of the rivet, and the known 
rivets have a rather limited grip range. 

In this connection it is to be noted that the grip 
range is greatly influenced by the length of the un- 
crimped zone which Is able to project beyond the rear 
face of the workpiece, since it is this uncrimped zone 
which becomes bulbed to form the one or more bulbs 
which are relied upon to engage the workpiece. 

However, it is not always possible to extend the 
grip range of a rivet merely by making the shell with 
an uncrimped zone of greater length, because it is 
found that the longer the uncrimped zone, the less 
stable it is, in the sense that the number, position, and 
form of the bulb or bulbs becomes unpredictable. 
Thus, there may be formed two or more incompletely 
developed bulbs, or the bulb or bulbs may be at pos- 
itions which make them inappropriate to secure the 
workpiece properly. 

We have now found a way of making a rivet which 
Is less susceptible to cracking, and which can be used 
over a desirably wide grip range, and yet can be relied 
upon to form a secure fastening for a workpiece with- 
out becoming unstable. 

More particularly, we have found that a rivet can 
be made to operate satisfactorily over an unusually 
large grip range by providing two crimped zones of re- 
duced external diameter and increased hardness 
which are spaced apart by an intermediate zone hav- 
ing a diameter greater than that of the crimped zones, 
and in which the diameter increases progressively 
from that of the zones of reduced diameter to a max- 
imum in the intermediate zone. 

Advantageously, the zones of reduced external 
diameter can be formed by crimping a cylindrical 
shank, to produce work hardening in the crimped 
zones. 

According to the present invention, there is pro- 
vided a blind rivet comprising 


a tubular shell having a generally cylindrical 
shank and a radially enlarged preformed shell head at 
one end of the shank, and a bore which extends ax- 
ially throughout the head and the shank; 

5 and an elongated stem which extends through 

the bore of the shell, the stem comprising a stem-tail 
which protrudes from the head end of the shell, a plug 
portion which is disposed within the shell bore, and a 
radially enlarged head for abutting a tail end face of 

10 the shell shank; 

the shell shank having two zones of reduced 
external diameter, spaced apart from each other by 
an intermediate zone, one of said zones being at or 
adjacent to the tail end of the shell; 

15 the intermediate zone having an external di- 

ameter greater than that of each of the zones of re- 
duced diameter, the intermediate zone comprising 
two transition zones each of which has a profile in the 
longitudinal direction of the shell such that the exter- 

20 nal diameter of the shank increases progressively 
from the diameter of a respective one of the zones of 
reduced diameter to a maximum in the intermediate 
zone, 

and wherein the mean rate of the progressive in- 
25 crease in diameter in each transition zone corre- 
sponds to that of a transition zone having a linear ex- 
ternal profile which, in the longitudinal direction of the 
shell, forms angle of from 2^ to 20** with the axis of the 
shell bore. 

30 Embodiments of the invention will now be descri- 
bed, by way of example, with reference to the accom- 
panying drawings, in which:- 

Figure 1 illustrates a self-plugging blind rivet ac- 
cording to the invention, the shell being shown in 
35 axial longitudinal section and the stem in eleva- 
tion; and 

Figures 2. and 3 are elevations, partly in sectton. 
showing, respectively, early and final stages in 
the installation of the rivet of Figure 1 in a work- 
40 piece ofthe maximum thickness for which the riv- 
et is suited, and 

Figure 4 is a view similar to Figure 1. showing an- 
other embodiment of the invention in which the 
shell partly encloses the head ofthe stem. 

45 Referring first to Figure 1 of the drawings, a blind 

rivet 10 comprises a tubular shell 11 having a gener- 
ally cylindrical elongate shank 12 and a radially en- 
larged preformed shell head 13 at one end of the 
shank. The other end of the shank is known as the 

50 "tail-end". Abore 14 extends axially through the shank 
and head of the shell. The rivet also comprises an 
elongate stem 15 which extends completely through 
the bore 14. The stem comprises a stem-tail 16 
(shown part broken-away in Figure 1 for ease of illus- 

55 tratlon) the majority of the length of which projects 
from the head end of the bore 14, a plug portion 17 
joined to the stem-tail by means of a breakneck 18, 
and a radially enlarged stem head 19 beyond the tail 
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end of the shell. 

The stem head 19 has an annular underface 20 
which. In this example, is flat (although it may be un- 
dercut, or slightly concave) and is In contact with an 
annular end face 21 at the tail end of the shell. The s 
tall end fece 21 Is substantially flat and at right angles 
to the axis of the shell. The plug portion has a part 22, 
known as the saddle, adjacent to the head 19 and of 
reduced cross-sectional area and approximately el- 
liptical cross-section. In Figure 1 , the minor diameter io 
of the saddle part 22 is shown, whilst its major diam- 
eter Is at right angles to its minor diameter and has 
one end shown at 23. 

it will be seen from Figure 1 that the exterior long- 
itudinal surface of the shell-shanlc 12 is shaped to is 
have a profile which comprises successively in the di- 
rection from head 13 to tail 21, a cylindrical zone 24 
of full diameter which represents the nominal diame- 
ter of the rivet, a first zone 25 of reduced diameter, a 
first transition zone 26, a spacing zone 27 of full di- 20 
ameter, a second transition zone 28, and a second 
zone 29 of reduced diameter. The two transition 
zones 26 and 28, together with the spacing zone 27 
between them, constitute an Intermediate zone be- 
tween the two zones of reduced diameter, in which 25 
the diameter of the shank increases progressively 
from that of the zones of reduced diameter, through 
the transition zones, to a maximum equal to the nom- 
inal diameter. 

It will also be seen from Figure 1 that the interior 30 
surface of the shell which forms the wall of the bore 
14 Is in contact with the surface of the stem every- 
where along its length, except at the breakneck 18, 
and, in particular, with the surface of the saddle part 
22 of reduced cross-sectional area. This contact, and 35 
the profiled shape of the exterior of the shell, is ach- 
ieved by deforming the shell inwardly, after the stem 
has been inserted Into the shell, by means of a crimp- 
ing operation (i.e using radially inwardly moving dies) 
or a rolling operation. 40 

In this embodiment, the two transition zones 26, 
28 each have a linear profile in which the exterior sur- 
face forms a very shallow angle of slope, of about 7^, 
with the axis of the shell. Due to the shallowness of 
the angle of slope, the progressive increase In diam- 45 
eter which occurs in each of the transition zones oc- 
curs over a significant proportion of the length of the 
shank. Furthermore, as the two transition zones are 
spaced apart by the length of the spacing zone 27, the 
overall length of the intermediate zone Is substantial, so 
and in this embodiment represents approximately 
half of the total length of the shank, and also con-e- 
sponds roughly to the nominal diameter of the rivet. 

When, In use of the rivet, the shank is subjected 
to axial compression by pulling the stem while sup- 55 
porting the shell head, it is primarily the intermediate 
zone, rather than the zones of reduced diameter ad- 
jacent to it. which absorbs the applied force and col- 


lapses to form a blind head. 

This Is believed to be due mainly to the profiled 
shape of the shank. More particularly, it is believed 
that the reduced diameter of the zones 25 and 29 rel- 
ative to the greater diameters of the intermediate 
zone and the cylindrical zone 23, renders the zones 
25 and 29 more resistant to distortion, so that they 
have less tendency to buckle or bulb outwardly than 
the intermediate zone. 

IHowever, since in practice we prefer to form the 
reduced diameter zones by crimping, so that they are 
also work hardened, we recognise that the increased 
hardness also contributes to their resistance to defor- 
mation. 

Nevertheless, it Is believed that one of the most 
significant features of a rivet of this invention is that 
of the two transition zones in each of which the diam- 
eter Increases to a maximum between the two zones 
of reduced diameter. Thus, by virtue of the two tran- 
sition zones, the exterior shape of the intermediate 
zone is initially made similar to that of a bulge or blind 
head in the early stages of its formation, and this re- 
suits In the fact that an axlally compressive applied 
force will have a component radially outwardly of the 
shank which will result in bulbing occuning in the in- 
termediate zone. 

In the absence of external constraints, the bulb- 
ing will occurin the spacing zone 27 substantially mid- 
way between the two transition zones, but in order 
that the rivet can accommodate a range of different 
thicknesses of workpiece. the region of the shank 
which becomes involved in the formation of the blind 
head is able to vary according to the thickness of the 
work. Thus, when fastening a workpiece of the max- 
imum thickness for which the rivet is suited, the blind 
head is formed substantially entirely from material of 
the intermediate zone, but in workpieces progressive- 
ly of lesser thickness than the maximum, progressive- 
ly more of the material of the shank nearer the shell 
head becomes involved in forming the blind head. 
Thus, the zone 25 of reduced diameter becomes in- 
volved progressively more as the thickness of the 
work is decreased, so that although bulbing occurs 
initially in the intermediate zone and forms a blind 
head which is unable to engage a workpiece substan- 
tially thinner than the maximum for which the rivet is 
suited, with continued pulling of the stem, the blind 
head enlarges. Involving progressively more of the 
shank including the zone 25 until eventually the blind 
head engages the rear face of the workpiece and for- 
ces its members tightly together, whereupon the 
force required to produce further deformation of the 
shell and compression of the workpiece exceeds that 
which can be transmitted by the breakneck 18, and 
the stem then breaks at the breakneck, bringing the 
installation operation to an end. In this connection, it 
is to be noted that the cylindrical spacing zone has 
two main purposes. Firet. Is that it contributes to the 
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overall length of the intermediate zone, and thereby 
enables the formation of a blind head of greater diam- 
eter than could be achieved in the absence of the 
spacing zone, particularly when the rivet Is used to 
fasten work of or approaching the maximum thick- 5 
ness for which the rivet is suited. Second, the spacing 
zone serves to increase the distance between the 
shell head 13 and the transition zone 28 which is fur- 
ther from the head 13, and thereby increases the 
maximum thickness of work which can be accommo- io 
dated without altering the minimum thickness. Thus, 
it serves to increase the grip range of the rivet, that is 
to say to increase the difference between the mini- 
mum and maximum thickness of workplece which can 
be accommodated satisfactorily. However, It would 15 
be possible to omit the spacing zone, so that the two 
transition zones were continuous, and bulbing would 
then take place generally in the region where the tran- 
sition zones meet, but such a rivet would have a quite 
limited grip range. 20 

Referring now to Figure 2. the rivet 10 Is shown 
having been Inserted into a workplece 30. The work- 
piece 30 comprises three members in the fonn of 
apertured sheets 31, 32 and 33 which are to be fas- 
tened together. The apertures of the sheets are 25 
aligned, and the shell head 1 3 abuts a face 34 of the 
nearer sheet 31 on one side of the workplece, while 
the shank 12 of the shell extends through the aligned 
apertures and projects beyond the other or farther 
side 35 of the workplece which is also referred to as 30 
the "blind face" of the sheet 33. 

The workplece 30 is of the maximum thickness 
for which the rivet 10 is suited, and, as can be seen 
in Figure 2, the blind face 35 is approximately aligned 
with the part of the shank at which the first transition 35 
zone 26 meets the spacing zone 27. Thus, substan- 
tially the whole of the spacing zone and the second 
transition zone 28 project beyqnd the blind face 35. 

As previously indicated, Figure 2 shows an early 
stage in the Installation of the rivet 10 In which the 40 
shank has begun to deform. 

At this stage, the zone 24 adjacent to the head 13 
has shortened and has Increased in diameter, so that 
it begins to fill the apertures in the sheets 31 and 32, 
and a bulb 36 has begun to form symmetrically be- 45 
tween the ends of the intermediate zone, resulting in 
an Increase In diameter substantially centred in the 
spacing zone 27. The bulb 36 is in engagement with 
the sheet 33 around the edge at which the aperture 
in the sheet meets the blind face 35. 50 

Both of the reduced diameter zones 25 and 29 
have substantially resisted defomnation. 

Figure 3 shows the rivet 10 fully Installed, and it 
will be seen that the bulb has become further radially 
enlarged and axially shortened, and that it has been 55 
forced into engagement with a substantial area of the 
blind face 35 peripherally of the aperture in the work- 
piece. The zone 25 has now expanded radially, so 


666 A1 8 

that the apertures are now substantially filled, and 
the zone 29 has also undergone some radial expan- 
sion and axial shortening. 

However, the material of the two zones 25 and 
29, originally of reduced diameter, remains distin- 
guishable from the bulb of material which has been 
formed entirely by deformation of material from the in- 
termediate zone. 

In the fully installed rivet, the bulbed material, 
now fully formed and disc-like, constitutes a blind 
head 37. 

As previously indicated, the rivet 10 is also able 
to fasten membere of a workplace thinner than the 
maximum. Thus, still referring to Figure 3, if for exam- 
ple the sheet 33 is omitted, so that the farther face of 
the sheet 32 is the blind face of the workplece, and is 
aligned with that part of the shank at which the first 
zone 24 of full diameter meets the first zone 25 of re- 
duced diameter, progressively more of the shank be- 
tween the intermediate zone and the shell head 13 
becomes Involved in the formation of a bulb and, ul- 
timately in the formation of a blind head. Thus, initial- 
ly, a bulb is formed in the intermediate zone in exactly 
the same way as shown in Figure 2. However, as the 
workplece is thinner, the bulb Is not constrained by 
engagement with the workplece at such an early 
stage as that shown in Figure 2. Consequently, with 
continued application of force, the bulb continues to 
increase in size at the expense of parts of the shank 
nearer the shell head. More particularly, as the bulb 
increases in size, it progressively involves all of the 
first transitional zone 26 and then involves the mate- 
rial of the first zone 25 of reduced diameter, rather 
than that of the reduced zone 29 which is in engage- 
ment with the stem head 19. 

Thus, the bulb, and ultimately the blind head, 
tends to grow and to advance towards the shell head 
13 until eventually it is forced firmly Into engagement 
with the blind face of the thinner workplece. 

The rivet of the invention forms only a single bulb, 
and from this a single blind head which engages the 
workplece, whether the workplece is thick or thin. 
This is because the two transition zones, as well as 
the two zones 25 and 29 of reduced diameter, tend to 
resist bulbing. Consequently, bulbing necessarily 
takes place in the region between the two transition 
zones, such as the spacing zone 27 if this is present, 
and only to the extent necessary to grip the workplece 
does material of the shank nearer to the shell head 
become involved or consumed in fonning the blind 
head. 

In the rivet 1 0, the shell 1 1 fits closely to the stem 
15 throughout the length of the bore 14, and the bore 
is of substantially constant diameter except where it 
entere into the saddle part 22 in which the diameter 
is partly reduced. However, this is not essential. 

In another embodiment of the invention, the body 
is shaped differently, primarily in order to substantial- 
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ly enclose the stem head and thereby prevent loss of 
the plug. In particular, this has led to a design of rivet 
in which the bore varies In diameter along its length, 
but which nevertheless still embodies the invention. 

Thus, referring now to Figure 4 of the drawings, 
a rivet 40, embodying the invention, comprises a tub- 
ular rivet shell 41, and a stem 42 which Is disposed In 
a bore 43 of the shell. 

The stem 42 Is generally similar to that of the rivet 
10 having a stem tail 44, a plug portion 45 joined to 
the stem tail by a breakneck 46, and a radially eng- 
larged stem head 47. in this embodiment, the plug 
portion 45 lacks a saddle part and has a constant di- 
ameter throughout its length equal to the diameter of 
the stem-tail. 

The shell 41 has a shell shank 48 and a head 49 
atone end of the shank. The longitudinal profile of the 
exterior of the shank Is similar to that of the rivet 10 
except that, at the end remote from the shell head, the 
shank is radially enlarged to provide a tail-end portion 
50 In which the stem head 47 is substantially en- 
closed. 

Thus, the shank has a zone of full diameter equal 
to the nominal diameter of the rivet adjacent to the 
shell head, and two zones of reduced diameter, which 
can be formed conveniently by crimping or rolling 
parts of full diameter, as In the previous embodiment, 
and, between the reduced diameter zones, an Inter- 
mediate zone in which the diameter increases pro- 
gressively to the full diameter through two transition 
zones, each of which forms an angle of 6"* with the 
axis of the shell. 

The tail end portion 50 has an external diameter 
equal to the full, or nominal diameter, and internally it 
presents an annular tail-end face 51 against which 
the stem head 47 abuts. A peripheral part 52 of the tail 
end portion extends beyond the end-face 51 In the di- 
rection away from the shell head, and converges be- 
yond the stem head so as to substantially enclose it. 
In the manner of an involucre. 

As can be seen in Figure 4, the diameter of the 
stem head is necessarily smaller than the full diame- 
ter of the shank, and the diameter of the bore of the 
shell varies along the length of the shell in such a way 
that the stem is engaged by the shell only In the region 
of the plug adjacent to the stem head, and at a posi- 
tion near the shell head at which both the external and 
internal diameters of the shell shank are reduced, as, 
for example, by crimping the shank on to the stem- 
tall. 

Thus there is clearance between the shell and 
the stem in the general region of the shell head and 
in the region corresponding to the intermediate zone 
of the shank. 

This is believed to be advantageous in that It pro- 
vides the intermediate zone with an internal profile 
corresponding generally to its external profile, and 
thus the Intermediate zone Is provided with an Inci- 


pient bulge which facilitates the development of a 
blind head during installation. 

Although, in the embodiments of Figures 1 and 4, 
the profiles of the two transition zones 26, 28 are lin- 

5 ear, providing a linearly progressive increase in diam- 
eter from the zones of reduced diameter towards a 
maximum in the intermediate zone, the progressive 
Increase in diameter need not necessarily be linear. 
Thus, for example, either or both of the transition 

10 zones could have a curved exterior profile, and such 
a profile could be concavely curved although we pre- 
fer that the curved profile be convex. We prefer that 
the transitbn zones blend gradually into the zones of 
reduced diameter or through a small angle, as In the 

IS preferred embodiments. 

If the transition zone or zones should have a con- 
vexly curved profile then the tangent to the curve at 
the point at which the transition zone meets the ad- 
jacent zone of reduced diameter should form an angle 

20 not greater than 20" and preferably within the range 
40 to lO'' with the axis of the shell bore. 

As another alternative, the transition zones could 
be stepped, so that the increase in diameter occurs 
stepwise. 

25 in any case, if the increase in diameter is ach- 

ieved through a curved or stepped profile, the mean 
rate of the increase should correspond to that of a lin- 
ear profile which forms an angle of from to 20*" with 
the axis of the bore. 

30 The invention is not limited to the details of the 
foregoing embodiments. 

Claims 

35 

1 . A blind rivet (1 0) comprising:- 

a tubular shell (11) having a generally cyl- 
indrical shank (12) and a radially enlarged pre- 
formed shell head (13) at one end of the shank 

40 (12), and a bore (14) which extends axialiy 

throughout the head (13) and the shank (12); 

and an elongated stem (15) which extends 
through the bore (14) of the shell (11), the stem 
(15) comprising a stem-tail (16) which protrudes 

45 from the head end of the shell (1 1 ), a plug portion 

(17) which is disposed within the shell bore (14), 
and a radially enlarged head (19) for abutting a 
tall end face (21) of the shell shank (12); 

the shell shank (12) having two zones 

so (25,29) of reduced external diameter spaced 
apart from each other by an intermediate zone 
(26,27,28) having an external diameter greater 
than that of each of the zones (25,29) of reduced 
diameter, one of said zones (25,29) of reduced di- 

55 ameter being at or adjacent to the tail end of the 

shell (11); 

characterised in that the Intermediate 
zone (26,27.28) comprises two transition zones 


6 


11 


EP0 677 666 Ai 


12 


(26,28) each of which has a profile in the longitu- 
dinal direction of the shell (11) such that the ex- 
ternal diameter of the shanic (12) Increases pro- 
gressively from the diameter of a respective one 
of the zones (25,29) of reduced diameter to a s 
maximum in the intermediate zone, and the mean 
rate of the progressive increase in diameter in 
each transition zone (26,28) conresponds to that 
of a transition zone having a linear external pro- 
file which, in the longitudinal direction of the shell io 
(11 ). forms an angle of from 2° to 20'' with the axis 
of the shell bore (14). 

2. A blind rivet as claimed in claim 1 , characterised 

In that at least one of the transition zones (26,28) is 
blends smoothly into the respectively adjacent 
zone(25 or 29) of reduced external diameter. 

3. A blind rivet as claimed in either of claims 1 or 2, 
characterised in that the two transition zones 20 
(26.28)are spaced apart by a spacing zone (27). 

4. A blind rivet as claimed in claim 3, characterised 
in that the spacing zone (27) is substantially cyl- 
indrical. 25 

5. A blind rivet as claimed in claim 4, characterised 
in that the spacing zone (27) has a diameter equal 
to the maximum diameter of the two transition 
zones (26,28). 30 

6. A blind rivet as claimed in any preceding claim, 
characterised in that the said angle is less than 

12^ 

35 

7. A blind rivet as claimed in any preceding claim, 
characterised in that the said angle is from 4^ to 
IO**. 

8. A blind rivet as claimed In any preceding claim, 40 
characterised in that the external longitudinal 
profile of the shell (11) between the two reduced 
zones (25,29) is symmetrical. 

9. A blind rivet substantially as hereinbefore descri- 45 
bed with reference to the accompanying draw- 
ings. 
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